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DISPATCHES
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At a clinic in Indianapolis, Indiana, USA, we observed an 
increase in Neisseria gonorrhoeae–negative men with 
suspected gonococcal urethritis who had urethral cultures 
positive for N. meningitidis. We describe genomes of 2 of 
these N. meningitidfiis sequence type 11 complex urethritis 
isolates. Clinical evidence suggests these isolates may rep-
resent an emerging urethrotropic clade.

Neisseria meningitidis and N. gonorrhoeae are exclusive 
human pathogens. N. meningitidis is a leading cause of 

sepsis and meningitis, whereas N. gonorrhoeae (gonococcus) 
traditionally causes gonorrhea, a sexually transmitted infection 
involving the genitals, rectum, and throat. These species usu-
ally occupy distinct niches but may cause reciprocal diseases 
when N. meningitidis colonizes the anogenital tract or gono-
coccus colonizes oropharyngeal mucous membranes (1,2).

Sporadic cases of meningococcal urethritis have been 
reported since the 1930s (3). It was recognized by the 
1970s that urethral N. meningitidis infections could be 
spread by oral sex and were more common in men who 
have sex with men (4). Most N. meningitidis urethritis 
cases identified before 1993 were caused by strains from 
serogroups A and B (5), but outbreaks involving other se-
rogroups and nontypeable strains have been reported (6–
10). These cases have typically presented with purulent 
urethritis or proctitis with gram-negative intracellular dip-
lococci (GNID) identified by Gram stain of urethral exu-
dates. The current prevalence of meningococcal urethritis 
is unknown in the United States but was thought to be 
low (4). However, a recent spike in heterosexual N. men-
ingitidis urethritis cases beginning in 2013 in Ohio and 
Michigan, reported by Bazan et al. in association with the 
Gonococcal Isolate Surveillance Project, was linked to a 
nongroupable clonal N. meningitidis strain (sequence type 
11 [ST11], clonal complex [CC] ET-37) (11). Whether 
N. meningitidis ST11 strains are common causes of non-

gonococcal urethritis or if these strains have adaptations 
that enhance their virulence for the urethra is unknown 
because genomes of urethral N. meningitidis isolates have 
not been previously reported.

Beginning in early 2015, we observed that 4 (6%) of 
59 men we enrolled in gonococcus treatment trials in our 
clinic in Indianapolis, Indiana, USA, and who had urethral 
specimens that were positive on Gram stain tested nega-
tive for gonococcus by specific nucleic acid amplification 
tests (NAATs). Sugar fermentation reaction profiles of the 
isolates from all 4 of these men suggested that they were in-
fected with N. meningitidis. We describe the recent epide-
miology of these suspected N. meningitidis urethritis cases 
and the genomes of 2 of these N. meningitidis isolates.

The Study
We enrolled 59 men (age range 20–61 years, median age 
31 years) in 3 gonoccocal treatment trials from April 2014 
through February 2016 at the Bell Flower Clinic, a public 
sexually transmitted infections clinic, in Indianapolis, Mar-
ion County, Indiana. All of these men had purulent urethral 
discharge with >10 leukocytes and GNID on Gram stains of 
urethral exudate. However, 4 men tested negative for gono-
coccus with specific NAATs (APTIMA Combo 2, Gen-
Probe Inc., San Diego, CA, USA; or COBAS 4800, Roche 
Diagnostics, Indianapolis, IN, USA). All 4 men reported 
recent vaginal and oral sexual exposures. Urethral cultures 
yielded growth with colony morphology, oxidase, and Gram 
stain results consistent with gonococcus, but the isolates fer-
mented glucose and maltose but not lactose, consistent with 
N. meningitidis. A pharyngeal swab from 1 of these men also 
grew N. meningitidis, whereas rectal swab specimens from 
all 4 were culture negative. All 4 cases responded to inves-
tigational gonococcal antibiotic regimens and were culture 
plus NAAT negative by test of cure assessed at day 7 post-
treatment. Two of these isolates (NM1 and NM2), which 
were susceptible to ampicillin, ceftriaxone, chlorampheni-
col, levofloxacin and meropenem, were subcultured and con-
firmed to be N. meningitidis by matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry.

Whole-genome sequencing of NM1 and NM2 (on-
line Technical Appendix, http://wwwnc.cdc.gov/EID/
article/23/2/16-1434-Techapp1.pdf) revealed that these 2 iso-
lates closely resembled strains of ST11 and CC11, with fine 
type PorA VR 1.5–1, PorA2 10–8; FetA3–6 ST11 (CC11). 
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Figure. Rooted phylogenetic tree of 
Neisseria meningitidis sequence type 11 
urethral isolates from men in Indianapolis, 
Indiana, USA, 2015–2016, compared with 
representative serogroup strains of N. 
meningitidis. Tree was inferred by using the 
neighbor-joining method constructed with 
MEGA7 (13). The percentage of replicate 
trees in which the associated taxa clustered 
together in 500 bootstrap tests is indicated 
next to the branches. The tree is drawn to 
scale, and branch lengths correspond to 
evolutionary distances used to infer the 
phylogenetic tree. Arrow indicates urethritis 
strains NM1 and NM2. GC strain FA1090 
was used as the outgroup. Scale bar 
indicates nucleotide substitutions per site.
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Phylogenetic analysis indicated that NM1 and NM2 likely 
share a common ancestor with NM L93/4286, a serogroup 
C invasive strain from the United Kingdom (12). A rooted 
tree constructed by the neighbor-joining method indicated 
that NM1 and NM2 are closely related to N. meningitidis  
serogroup C strain, FAM18 (Figure) (13). Gene-to-gene 
comparison with FAM18 loci revealed that 29 out of 1,975 
loci were missing in >1 of the urethral isolates, although 24 
of these were near the end of a contig in either NM1 or NM2. 
Of the remaining loci, 1,075 (56%) were identical in all three 
strains, and 1,848 (96%) were identical in NM1 and NM2.

The capsule locus encompasses ≈24 kb in most NM 
isolates and contains genes that mediate capsule synthesis, 
transport, assembly and translocation, as well as LPS syn-
thesis. NM1 and NM2 lack cssC, cssB, and cssA (former 
designation siaC, siaB, and siaC [14]), whereas these are in-

tact in NM FAM18 and MC58 (online Technical Appendix). 
Our analysis indicated that these genes are highly conserved 
in diverse isolates from N. meningitidis serogroups B, C, W, 
and Y, but are also absent in gonococcal strain FA1090.

To estimate the prevalence of presumptive NM ure-
thritis at BFC, we retrospectively examined 107 cases 
from men seen between 2013 and 2016 who had Gram 
stain results positive for WBCs and GNID but who had 
negative GC NAATs. Rates of negative GC NAATs 
among men with positive Gram stains were 12/436 
(2.8%) in 2013, 8/552 (1.4%) in 2014, 37/533 (6.9%) in 
2015, and 50/510 (9.8%) in the first 3 quarters of 2016, 
indicating a significant increase in these cases during the 
study interval by both a χ2 test (p<0.0001) comparing 
the 4 years and the Mantel-Haenszel test for a trend over 
time (p = 0.005). Analysis of cases before 2013 was not   

 

 
Table. Characteristics of 87 men with presumed urethral Neisseria meningitidis infection seen at the Bell Flower Clinic, Indianapolis, 
Indiana, USA, January 1, 2015–September 30, 2016* 

Characteristic 
No. (%) persons 

2015 2016  
Race   
 White 6 (16) 5 (10) 
 Black 29 (78) 45 (90) 
 Other 2 (5) 0 
Ethnicity   
 Non-Hispanic 35 (95) 50 (100) 
 Hispanic 2 (5) 0 
Self-identified sexual orientation   
 Heterosexual 34 (92) 48 (96) 
 Homosexual 2 (5) 1(2) 
 Bisexual 1 (3) 0 
Modes of sexual contact†   
 Insertive vaginal intercourse 33 (89) 45 (90) 
 Insertive oral sex 35 (95) 44 (88) 
 Receptive oral sex 19 (51) 33 (66) 
 Insertive anal intercourse 1 (3) 1 (2) 
 Receptive anal intercourse 1 (3) 1 (2) 
Symptoms   
 Discharge 35 (95) 49 (98) 
 Dysuria 2 (5) 0 
 Discharge/dysuria 37 (100) 49 (98) 
 No discharge/dysuria 0 1 (2)‡ 
Most recent HIV status   
 Negative, documented or self-reported 32 (86) 45 (90) 
 Not tested and unknown 5 (14) 5 (10) 
Exchange sex for drugs or money   
 Yes 2 (5) 0 
 No 33 (89) 49 (98) 
 Unknown 2 (6) 1 (2) 
Noninjection recreational drug use, excluding alcohol, preceding 60 d   
 Yes 17 (46) 31 (62) 
 No 18 (49) 19 (38) 
 Unknown 2 (5) 0 
Treatment provided   
 Ceftriaxone plus azithromycin 34 (92) 49 (98) 
 Ceftriaxone plus doxycycline 1 (3) 0  
 Other 2 (5) 1 (2) 
Urethral coinfection with Chlamydia trachomatis by NAAT    
 Positive 6 (16) 8 (16) 
 Negative 31 (84) 42 (84) 
*NAATs, nucleic acid amplification tests. 
†One man had none. 
‡Had irritated meatus. 
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possible because of the lack of discrimination in the 
NAAT used at the clinic.

Similar to the case-patients recently reported from 
Ohio and Michigan (11), our 37 case-patients in 2015 had 
an average age of 32 (range 20–61) years and were symp-
tomatic with either discharge (n = 35) or dysuria (n = 2) and 
predominantly heterosexual (n = 34) (Table). Most received 
oral sex (n = 35) and were HIV negative (n = 32/32 tested). 

Conclusions
Together, our results and those of Bazan (15) suggest that 
N. meningitidis ST11 could be a notable emerging cause of 
nongonococcal urethritis; more extensive sequencing and 
comparisons of recent N. meningitidis ST11 isolates from 
around the United States are underway. However, our results 
support the observation that both the rates and geographic 
distribution of N. meningitidis–associated urethritis cases in 
the United States are increasing. Sequencing additional iso-
lates should clarify whether these isolates correspond to an 
emerging urethrotropic clade of N. meningitidis. Retrospec-
tive comparisons of NAAT-negative, GNID-positive ure-
thritis case rates might also help discern whether these cases 
have been increasing elsewhere. As fewer clinics perform 
routine Gram staining, a serious concern is that infections 
with urethral discharge, coupled with a negative gonococcus-
specific NAAT, could be misdiagnosed as a Chlamydia or 
Trichomonas infection. We speculate that an increased num-
ber of N. meningitidis cases may occur if we limit our clinical 
diagnoses solely on the results of current diagnostic meth-
ods, thereby causing asymptomatic cases to go untreated. 
Therefore, continued investigation into diagnostic methods 
targeting urethral specific N. meningitidis isolates is pressing, 
to control the transmission of sexually transmitted N. menin-
gitidis. Finally, we note that because the meningococcal ctrA 
gene is highly conserved in NM1 and NM2, they should be 
able to be differentiated from gonococcus by using meningo-
coccal ctrA reverse transcription PCR assays (15).
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Technical Appendix 

Additional Methods 

Genomes of NM1 and NM2 were paired-end 250-bp sequenced on an Illumina MiSeq, 

generating a range of 0.67 to 0.75 million reads, yielding 600X coverage. The genomes were 

assembled using SPAdes (1), resulting in assemblies consisting of 147 to 174 contigs, and were 

ordered against the genome of N. meningitidis strain MC58 using Mauve Contig Mover (2), 

yielding draft genomes of ~2.14 Mb [GenBank accession nos: (NM1) LXLA00000000, (NM2) 

LXLB00000000], and an average gonococcal content of 51.7%. RAST (3) annotated 2,727 

features, including protein-encoding genes and RNAs, and annotation using default multilocus 

sequence typing (MLST) (fetA, fHbp, penA, porA, porB, nhba, nadA), ribosomal MLST, and 

core-genome MLST schemes (4), all indicated that the 2 genomes were from closely-related 

strains in the ST11 complex, with fine type PorA VR 1.5–1, PorA2 10–8; ST11 (CC11) (5). Both 

NM1 and NM2 had the same PorB type as NM serogroup C strain FAM18 (FAM 18) (6), but 

different FetA F3–6, fHbp, and nhba types (7–9). These genomes also contained the penA allele 

316, rpoB allele 8, and gyrA allele 4. ResFinder (10) identified no additional acquired 

antimicrobial resistance genes which was consistent with antimicrobial susceptibility testing 

results (data not shown). 

The capsule polysaccharide structures of meningococci dictate the serogroup identity of 

individual N. meningitidis strains. We compared the FAM18, NM1, and NM2 capsule gene 

clusters, and found that both NM1 and NM2 were missing three genes, cssC, cssB, and cssA, 

(formerly siaC, siaB, siaA), which are responsible for cytidine-5-monophosphate-N-

acetylneuraminic acid synthesis, a sialic acid derivative. However, the ctrG gene of both NM1 

and NM2, which encodes an essential protein involved in enabling the correct expression of 

http://dx.doi.org/10.3201/eid2302.161434
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sialic acid polysaccharides, and surface translocation of sialic capsules, was intact (Technical 

Appendix Figure). 

References 

1. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, et al. SPAdes: a new 

genome assembly algorithm and its applications to single-cell sequencing. J Comput Biol. 

2012;19:455–77. PubMed http://dx.doi.org/10.1089/cmb.2012.0021 

2. Rissman AI, Mau B, Biehl BS, Darling AE, Glasner JD, Perna NT. Reordering contigs of draft 

genomes using the Mauve aligner. Bioinformatics. 2009;25:2071–3. PubMed 

http://dx.doi.org/10.1093/bioinformatics/btp356 

3. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, et al. The RAST Server: rapid 

annotations using subsystems technology. BMC Genomics. 2008;9:75. PubMed 

http://dx.doi.org/10.1186/1471-2164-9-75 

4. Jolley KA, Maiden MCJ. BIGSdb: Scalable analysis of bacterial genome variation at the population 

level. BMC Bioinformatics. 2010;11:595. PubMed http://dx.doi.org/10.1186/1471-2105-11-595 

5. Russell JE, Jolley KA, Feavers IM, Maiden MC, Suker J. PorA variable regions of Neisseria 

meningitidis. Emerg Infect Dis. 2004;10:674–8. PubMed 

http://dx.doi.org/10.3201/eid1004.030247 

6. Tanabe M, Nimigean CM, Iverson TM. Structural basis for solute transport, nucleotide regulation, and 

immunological recognition of Neisseria meningitidis PorB. Proc Natl Acad Sci U S A. 

2010;107:6811–6. PubMed http://dx.doi.org/10.1073/pnas.0912115107 

7. Thompson EA, Feavers IM, Maiden MC. Antigenic diversity of meningococcal enterobactin receptor 

FetA, a vaccine component. Microbiology. 2003;149:1849–58. PubMed 

http://dx.doi.org/10.1099/mic.0.26131-0 

8. Seib KL, Scarselli M, Comanducci M, Toneatto D, Masignani V. Neisseria meningitidis factor H-

binding protein fHbp: a key virulence factor and vaccine antigen. Expert Rev Vaccines. 

2015;14:841–59. PubMed http://dx.doi.org/10.1586/14760584.2015.1016915 

9. Serruto D, Spadafina T, Ciucchi L, Lewis LA, Ram S, Tontini M, et al. Neisseria meningitidis 

GNA2132, a heparin-binding protein that induces protective immunity in humans. Proc Natl 

Acad Sci U S A. 2010;107:3770–5. PubMed http://dx.doi.org/10.1073/pnas.0915162107 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22506599&dopt=Abstract
http://dx.doi.org/10.1089/cmb.2012.0021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19515959&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18261238&dopt=Abstract
http://dx.doi.org/10.1186/1471-2164-9-75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21143983&dopt=Abstract
http://dx.doi.org/10.1186/1471-2105-11-595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15200858&dopt=Abstract
http://dx.doi.org/10.3201/eid1004.030247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20351243&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0912115107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12855736&dopt=Abstract
http://dx.doi.org/10.1099/mic.0.26131-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25704037&dopt=Abstract
http://dx.doi.org/10.1586/14760584.2015.1016915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20133713&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0915162107


 

Page 3 of 3 

10. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O, et al. Identification of 

acquired antimicrobial resistance genes. J Antimicrob Chemother. 2012;67:2640–4. PubMed 

http://dx.doi.org/10.1093/jac/dks261 

 

 

Technical Appendix Figure. Gene neighborhoods for capsule gene clusters of reference strain Neisseria 

meningitidis serogroup C FAM18 and urethral strains NM1 and NM2. Gene synteny is observed within 

much of the capsule gene cluster, except that the cssA-C genes are missing in NM1 and NM2. 
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